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(Paper No. 3f33.) 

" The Foundation of the Manchester Ship-Canal 
Grain-Elevator." 

By GERALD GASCOIGNE LYNDE, Stud.  Inst. C.E. 

THE Manchester  Ship-Canal  grain-elevator has a  storage  capacity 
of 40,000 tons, or 1,500,000 bushels,  and is  built upon the 
American principle,  the  whole of the  superstructure  being of 
pitch-pine  timber encased with brickwork  and  tiling.  The  site 
upon  which  the  elevator  has been erected, F'g. 1, abuts upon 
Trafford Wharf Road, on the south-westerly or Stretford  side 
of the Manchester Docks and with a frontage  to  these docks. 

Scale, 1 inch = 400 feet. 

GENERAL PLAX OF THE SITE. 

Before the construction of the docks tha level of this  and  the 
surrounding  land was little above the ordinary  water-level of 
the  River  Irwell  (part of the bed of which it had  at some time 
undoubtedly formed), and  was  frequently flooded. After  the 
completion of the canal, this low-lying  land,  which  was  then 
outside the canal  bank,  was  between 2 feet  and 12 feet below 
the  water-level of the canal, and so surrounded by  higher  ground 
as to form a pond which in wet  weather was  flooded. 
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The Canal Company, who  were carrying on a  large  amount of 
dredging, decided to fill this  land  with  the  sludge  brought  up by 
the dredgers. This work was  commenced in  January, 1896, and 
the  land was  filled to a height of about 4 feet above the water- 
level of the  canal by the end of May,  1896, when  the  tipping 
was  discontinued. A quantity of available  red  sand  and  small 
lumps of sandstone rock was  brought up the canal, and by 
means of end-tip wagons  was  spread over the  sludge between 
1 foot 6 inches  and 2 feet 6 inches  thick,  bringing up  the surface to 
a height of about 6 feet above water-level, and  nearly level with 
the  canal bank.  Before this was completed the foundation for 
the  grain-elevator  was commenced. The  depth of the  sludge on 
the  site of the grain-elevator  was  between 14 feet  and 18 feet, and 
it had become  of the consistency of butter.  When in  this condi- 
tion it was as  impervious  to  water  as  clay  puddle, but when  mixed 
or  stirred  with  water,  as would be the case in  the bottom of a 
trench, it became a thin black  mud. The surface a t  a  distance 
from the  site of the grain-elevator,  where  not covered by  the red 
sand,  had cracked through  exposure to  the sun and  air,  the cracks 
varying  greatly  in  length, and being  between 2 inches  and 
12  inches deep, and 4 inch  to 2  inches in width. The surface  had, 
owing to this  drying action, become a  crust  upon  which it was 
possible during  the summer of 1897 to walk,  but a few inches 
below the surface the black mud had  retained its soft and  buttery 
condition. 

This was all that was  known of the  state of the  ground in 
July, 1897, when  the excavation for the grain-elevator  foundation 
was commenced. The covering of red  sand made it possible to 
work on the land,  and  the first  operation was to construct  a system 
of close-sleepered railways of 4 feet 84 inches  gauge. The sleepers 
were 9 feet long, 10 inches  by 5 inches. The  rails weighed 
56 lbs. per yard,  and were  securely dogged to the sleepers. The 
locomotives weighed  about 18 tons, and  the  side-tip wagons  held 
about 44 cubic  yards.  Owing  to the  nature of the  ground,  the 
locomotive on passing caused the  line  to  sink from 1 foot 6 inches 
,to 2 feet, but it immediately rose again in rear of the engine, thus 
giving it the appearance of always  travelling  uphill.  The motion 
of the ground  was  similar to that of thin ice under a skater,  but 
in a  much greater degree. 

The foundations  were  constructed of Portland-cement concrete, 
and  are of the  gridiron” formation in plan. The  longitudinal  and 
cross walls of the “ gridiron ” were  excavated in trenches until a 
suitable foundation was  reached, and  then filled with concrete, 
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good ground  being  known  to  be  obtainable a t  a reasonable depth. 
The outside  dimensions of the foundation are 454 feet by 86 feet, 
Fig. 2. This  is divided into  three  parts, namely, the eastern  end 
182  feet long, the  centre  tower 76 feet  long, and  the western end 
196  feet  long. The foundation for the  centre tower consists of a 
solid mass of concrete, the whole area  being  excavated until good 
ground was  reached. The  depth varied  between 15  feet  and 
21  feet, the  total  amount of excavation for the centre  tower 
being 4,929 cubic  yards. The outer  boundaries of the eastern 
and  western  ends  were  trenches 6 feet wide, Fig. 2. These, 
together with  the excavation  for the  centre tower,  were filled 
wit,h concrete to  within 7 feet of the level of an  intended  line 
of railway  and  the finished  surface of the ground. The area 
enclosed by these  outer  trenches  was then excavated  to  a depth of 

Scale, 1 inch = 72 feet. 

HALF PLAN SHOWING DEPTH OF EXCA.VATION. 

10  feet  all over. Below this level, parallel cross trenches  were 
dug 7 feet  wide, leaving 7 feet  dumplings  between,  and  then 
filled with concrete. Wooden ribs of 7 feet  span with a  rise of 
17  inches  were  then fixed between  the cross trenches 3 feet from 
centre  to  centre, and covered with a  lagging of l-inch boards, 
Figs. 3 and 4. The  ribs were formed by a  tie-beam 9 inches  by 
2 inches, with a 6-inch by  %inch  king-post,  and two sweeps, cut 
from  $inch by  I-inch boards, were  nailed one on  each  side of 
the king-post  and  the tie-beam. These  ribs  were  supported  by 
making  the tie-beams 8 feet  6  inches  long, that is, l foot 6  inches 
longer than  the  span of the  arch,  and  allowing  them to  rest 
9 inches on each  side on the concrete of the  trench. The  lagging 
having been fixed, the whole  was filled with concrete to the level 
of the  outside walls, the ribs  and  the  lagging  being  permanently 
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left  in. This arrangement  provided a thickness of 1 foot 6 inches 
of concrete  over the centres of the arches. It was originally 
intended  to turn  brick arches, but concrete  was substituted on 
account of the  greater speed with  which  the work could be 
executed, speed being  the most important consideration in deter- 
mining  the method of carrying  out  the  contract. 

The work  was commenced on the 28th July, 1897, and  was 
carried on night and  day, the eastern end and  central tower  being 
completed on the  13th November, 1897, and the remainder on the 
11th December,  1897. During  this  time (19  weeks) 30,000 cubic 
yards of excavation, and 19,000 cubic  yards of cement concrete, 
were  completed, in addition  to 2,260 cubic  feet of masonry, and 
850 cubic  yards of brickwork in column bases, and 6,300 cubic  feet 
of timber of piles. 

The excavated  material  was  tipped  about 300 yards from the 
western end, which was that nearest to  the  tip,  two four-wheel 
coupled  locomotives with  10-inch  cylinders  being used for hauling 
it. Almost the whole of the excavation  was  lifted by means of 
steam  travelling-cranes of modern  pattern,  fitted with high-speed 
travelling-gear, one %ton, two 2-ton, and one l-ton  crane  being 
used for this purpose. A small  portion of the body of the eastern 
end  and  the  centre  tower  was excavated by means of a  slewing 
road, but,  the  building  being so narrow,  namely, 86 feet, and 
divided in  the middle by the  centre tower,  only  a limited  amount 
could  be NO dealt  with. 

The  upper  14  feet  to 18 feet consisted of canal  dredgings with 
a  covering of red sandstone, and considerable  difficulty arose in 
successfully sinking  the  trenches in such  very bad ground. They 
were,  however, sunk to depths  varying  between 14 feet  and 
30 feet, the shallow  portion  being the south  trench,  which  was 
only  partly in  the bad ground,  as it was  situated  in  the slope of an 
embanked  road  which  was formed  before the  sludge was  tipped, 
but  the bulk of the work was  between 20 feet  and 30 feet deep. 
The  ground  underlying  the  sludge consisted of an alluvial  de- 
posit, a bed of blue silt 4 feet  thick  being  found a t  18  feet 
below the finished  ground-level  covering  a bed of wet  running 
sand 3 feet  thick,  which lay on coarse sand and  gravel, Fig. 4. 

The south  trench,  being  fairly good ground, was sunk  with 
poling-boards in  the ordinary way. The boards  were 4 feet  long 
and 18 inch  thick,  with  walings 12 feet  long 9 inches  deep  and 
3 inches  thick, and  three  stretchers 8 inches  square on each pair 
of walings. The stretchers  were capped, and  the  walings had 
puncheons and lacing bo~rds  throughout. 
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The  centre tower  foundation  was  formed of one large block of 
concrete 86 feet by 76 feet on plap. I n  such  ground it would 
have been  impossible to  have  excavited  the whole of this space a t  
one time, as, even  supposing that a  frame of timber could have 
been inserted, the movement of the  surrounding ground was so 
great  that  the frame would soon have  fallen  out of square and 
collapsed. Instead it was decided to sink  an 8 feet 6 inches  wide 
trench on each of the four sides so as  to form a  boundary to  the 
centre  tower  foundation, Fig. 2. These  trenches were filled with 
concrete, and  after  this  had somewhat  hardened, the middle por- 
tion  was  excavated. A sump  to  take  the  drainage of the whole 
foundation-by means of pipes to be laid in  the bottoms of the 
trenches-was first sunk at  the north-west  corner of the  centre 
tower  outside the work, Fig. 2. Very  much less water  was found 
than  might have been  expected, as the sludge  was so impervious 

Fig. 3. 

Scale, 1 inch = 24 feet. 

SECTION ON LINE A A, Fig. 2. 

that it held  the  water  like  clay puddle. Even  after a  heavy 
rainfall,  and  when  water  lay in  great pools on the surface, com- 
paratively  little difference was felt at  the pump. The small 
amount of water  draining from the foundation of 25,226 square 
feet,  all of which  was below the water-level of the ship-canal,  was 
evidenced  by the fact that a No. 4 Pulsometer  pump  was sufficient 
for all purposes. 

It was  thought  that  the  sludge  had hardened sufficiently to 
allow of poling-boards  being used in  the top frames, and  the 
sump,  which  was 9 feet  square,  was commenced with  that method 
of timbering.  When  only  about 6 feet  or 7 feet deep, the timber 
began  to move, and it was  gradually forced  completely out of 
shape, the movement being  as  much  as 3 feet, and  the  timbering 
taking  then  the  shape of a  diamond in  plan. The cause of this 
movement-which if allowgd t o  proceed, wQs]d have  resulted in 
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the collapse of the whole shaft-was mainly  the  extraordinary 
movement of the  ground itself. The passing of a locomotive or 
steam-crane caused a quaking  similar  to  that  felt on some  bogs. 
Stacks of timber  and  other  material  sank,  the  ground  being forced 
up around  them above its ordinary  level. 

Little or no progress was being made with deepening the sump, 
as  the bottom  was rising  as  fast  as it was  excavated, the  timbering 
and  the  surrounding  ground  at  the same time sinking. The 
weight of the crane,  pump, boiler, etc., near  the  top of the  shaft 
forced the ground  down on the  outside of the  timbering  and  up 
inside  the  shaft,  and at   the same time squeezed a  large  quantity 
of water  out of the  surrounding  ground  which collected in  the 
shaft,  and  the  sludge became quite  liquid  and was drawn  up  in 
buckets. From  the experience thus gained, it was  evident that 
it would  be  impossible to sink the trenches  for the main  founda- 

tion  by means of poling- 
boards, as, no matter  what Fig. 4. 

GROUND LEVLL 

- the  strength of the timber 
C O W C n C T E  inserted, it would  not  have 9 ~.-.<~y;:,:.~,:.~ been sufficiently rigid  to 

withstand  the movement of 
k;?.:, the ground. I n  some  cases, 

":,z,l ._I 'd" *' ,-.- .*v; 

,~ '?e ,, -, 
??.'e. 
-.p. , where  a  setting of boards 

- - p:" 
+&.- : was used in  the  top frame, 'L.....,'. ;::p,:;,+ " ". 

" .... 0 :,:: :-;..-. :.," ......." = the  trenchwasmovedbodily 

SECTION ON LINE B B, Fig. 2. remaining  intact.  This 
movement must  not be con- 

founded with  the  ordinary pressure  exerted by  the ground itself; 
it was  evidently caused by the  weight of the cranes and  the 
locomotives and wagons which  were  constantly  moving  about. 
It was  now decided to use some form of sheet-piling, as  this 
would give the required  support to the ground.  Boards used 
in  piling-frames would have been little  better  than  ordinary 
poling, the piling-frames giving no additional  stability. I n  such 
ground  sheet-piling  has one great  advantage  over  other  forms 
of timbering,  as it enables the  timber  to be  driven  down  to 
take a hold in  the solid  ground below,  before the excavation is 
commenced. The  sinking of the  sump was then proceeded with. 
A setting of runners,  as these  sheet  piles  were called, was  driven 
12 feet  square,  enclosing the 9 feet  setting  which  had become 
distorted. This was then removed, and  the excavation proceeded 
inside the  runners  without  further difficulty. 

~ . . ~ , ~ ~ " ~ . .  .,.. ~ ~ . .  "..... ~ ... - . 
IScale. 1 inch = 24 feet. out of position, the timber 
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The 8-foot 6-inch trenches round the tower were then begun. 
The  south side  was  known  to be in comparatively good ground, 
and  the  trench was taken down 20 feet with 14-inch boards. 
The  east  trench was 17  feet 3 inches and 26 feet 6 inches deep. 
The  north  trench  was 23 feet deep, and the  west  trench 21 feet 
deep. When these were  completed as described later,  the  interior 
was  excavated and filled with concrete. The method  adopted 
with these three trenches was afterwards used for  the outside 
trenches  round  the  eastern and western  ends of the  building, 
parts of which  were as much as 30 feet deep, and a  description of 
one applies to all.  The  sludge  was  about 17 feet deep, and it was 
decided to use runners 2.3 inches  thick  and 7 inches  wide, 
sharpened to a chisel  point, driven  with  the bevelled  side turned 
towards the trench, so that  the tendency of the  runner was to 
incline  outwards and not  into  the  trench.  To  have  driven these 
runners from the surface would have  necessitated their  being  at 
least 18 feet long. This would have been an unwieldy  length  to 
handle in  timber of such  small  scantling, and would  have  entailed 
great difficulty in driving  vertically, and also considerable risk 
of breakage. I n  consequence of the somewhat  hardened crust 
on the  sludge  and  the  layer of red  sandstone, it was possible to 
excavate sufficiently deep  to  insert a setting of 6-feet by  l&-inch 
poling-boards, Fig. 5. Sufficient width was  given  to  allow of 
runners  being  driven  within  the frame in  such a position as would 
ensure  full bottom width of the trench.  On this  setting of  boards 
two  frames  were placed ; each  frame  consisted of two  walings 
12 feet  long, 9 inches  deep and 3 inches  thick, with  three  struts 
8 inches  square  capped with  l-inch boards. The walings  were 
laced together  with  I-inch boards, and propped with 9-inch by 
3-inch puncheons. This  arrangement rendered the  driving of the 
runners much  simpler, as it enabled  them to be driven with a 
guard  rail, the  waling on the  setting of boards acting as a liner  to 
drive’ against.  Runners 14 feet  long  were  driven  inside  these 
walings  into  the solid ground  by means of small  hand-machines, 
in  which  the cast-iron tup,  weighing  about 3 cwts., was pulled 
up  by  three ropes, two men to each, and  not  by a  winch, Figs. 6 
and 7. When  the tops of the  runners were too low for the  tup  to 
follow them, a “ dolly” of timber was held on the  runner  while 
it was  driven home. Where  stretchers occurred the  runners could 
not  be  driven, and “ soldiers,” or filling-pieces, of the same widt,h 
as a stretcher,  were  substituted. 

The excavation  was then  carried down, and frames of 9-inch by 
3-inch  walings  and 8-inch struts,  similar to  those on the boards, 
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were  inserted  about  every 2 feet deep, Fig. 8. Below the 
bottom of this  frame of runners  the  ground was  generally of a 
sufficiently good cha- 
racter  to use poling- 
boards, though  in some 
cases, particularly  in 
the  north trench, run- 
ning  sand was met 
with,  which  rendered 
a second runner neces- 
sa ry ,   though o f  a 
shorter  length. An 
advantage of using 
this second or bottom 
runner  is found where 
the  timbering  may 
have been  forced in- 
wards  (giving less 
width  in  the  trench 
than  may  have been in- 
tended),  as  the bottom 
runner may  be  pitched 
with  a  batter, so as to 
get  the  trench back to 
its proper width at  the 
bottom. 

Curious effects were 
met  with  during  the 
excavation of these 
trenches. The  bottoms 
of the  trenches  were 
continually  rising,  and 
consequently  a  greater 
quantity of material 
was  excavated  than was 
represented  by  the di- 
mensions. This motion 
of the  ground was so 
great  that  the bottom 
of a trench  in  which 
the top  setting had just 
been inserted would, if  left for 24 hours, rise SO much  as  to 
almost cover the bottom struts. After the top setting  had been 

2 B 2  
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inserted, the  sludge would squeeze under  the  boards from the 
outside  and  form a wave  along the  trench  as  high as 2 feet, 
the position of every board being  clearly  marked on it by the 
ridges caused by  the joints. This forcing of the ground  into  the 
trench was  marked by a fall  in  the level of the  surrounding 
ground  which, in places, sunk as  much  as 3 feet. This  invariably 
occurred on the  ground outside the  site of the  intended  building, 
and  tends to  show that it was caused by the  loading of the  ground 
and  the traffic of the locomotives and wagons, as the ground form- 
ing  the  interior of the  site was  not so loaded. The boards on the 
outer side of the  trench  were caused to sink,  while the  timber on 
the  inner side generally  retained  its position, and  the stretchers 
were  thus  thrown  out of level,  endangering the whole frame. 
The  struts  were  thus  transformed  into  rakers  sloping  upwards 

Fig. 9. 

Scale, l inch = 12 feet. 

SHO~INQ TRENCH DISTORTED BY SETTLEMENT AND WITH COUNTFXC RAEERB. 

from the outer to  the  inner side, and to  counteract  this  motion 
rakers  were inserted  sloping the opposite way  to  support  the 
sinking  timber,  and  taking  their  bearing from the  frame on the 
inner side of the trench, Fig. 9. The most constant  care was 
required,  not  only in  inserting  but  in  continual  watching  the 
timbering  throughout, so that each  movement of the  ground 
should be counteracted  as soon as it was observed. Earthenware 
drains  were  laid in  the bottoms of the trenches  to  carry  the  water 
to  the sump. Immediately a satisfactory  foundation  had been 
reached the  drain was laid  and  the  concreting was  commenced. 

The concrete in  the trenches, etc.,  was  composed of 6 parts of 
gravel or broken  stone or bricks, 2 parts of sand, and 1 part of 
cement, all  by measure, and was mixed  by turning  over on plank 
stages  twice in its  dry  state  and  three  times  after  water  had been 
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added, after  which it was  filled in  the trenches  by  means of  wooden 
shoots. Each  layer of concrete, after  being  levelled,  was  hand- 
packed with  rough  lumps of hard  sandstone,  a  minimum  thick- 
ness of 6 inches of concrete  being  left  between  the stones. The 
concrete in  the arches  and cellar floors was composed of 4  parts 
of gravel  and 1 part of cement. As the  concrete  in  the outside 
walls  was completed the excavation of the enclosed area  was com- 
menced. The  springing level of the arches was 10 feet below 
the finished ground-level,  and it was found that  the  average level 
of the bottom of the sludge  was 14 feet below ground-level, so 
that  there  was  about  4 feet of sludge  below  springing  level, 
Fig. 3. It was ir-tended, if  the  material  excavated proved suitable, 
that  the  dumplings  between  the  trenches  should  have been left 
untouched;  but  in consequence of the character of the  lower 
4 feet, it was thought best to remove the whole and  afterwards 
to  refill the spaces between  the concrete walls above the  trenches 
with  other material.  While this was  proceeding it was deemed 
desirable  to  shore up  the  outside  walls on account of the  pressure 
behind  them,  the concrete not  having  had sufficient time  to set. 
10-inch by 4-inch ‘‘ soldiers”  were placed against  the walls, 
14 feet apart,  and 9-inch square  rakers, 20 feet  long,  were placed 
against  them ; these  were  not removed until  the concrete of the 
cross trenches  was completed up  to  the level of the  springing of 
the arches. The wooden ribs  were  then fixed with  their  ends 
resting on the concrete, and  were  lagged  with  l-inch boards. 
Concrete  was filled in over the whole  area,  which formed the floor 
on which  the elevator wm  to be built,  the  upper 6 inches  being of 
4 to 1 concrete. This floor was  about 7 feet below finished 
ground-level,  and  a  concrete  retaining  wall  was  built  upon  the 
outside  wall up to  ground-level, Fig. 4. 

On the  south side sixty-six  brick columns with  stone caps were 
built  in two  rows; as well  as  thirty-six at  the centre tower, and 
twenty-four at  the western  end, Fig. 3. These  carried the por- 
tions of the  building  which were  to be supported on pillars SO 

as to be open  beneath  for  machinery  and  for  loading  railway 
wagons  and lorries, the remainder of the  building  being  built 
from the concrete  direct.  These  brick  columns  varied  between 
4 feet and 7 feet in  height,  and  were  about 7 feet square. They 
were  built  in  cement,  the lower portion of common brick, and 
the  upper  six courses of blue  brick, and finished with  a  stone  cap 
16  inches  thick. 

The  foundation for the  engine  and boiler-house was 130 feet by 
39 feet, the  sludge  being  about 1 7  feet 6 inches deep. This was 
intended  to be a solid block of concrete, and  was  dealt with  in 
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the same  manner  as the foundation  for the centre  tower of the 
elevator.  Trenches 9 feet  wide  were sunk  round  the outside by 
means of a  top  frame of poling-boards,  followed by  runners  and 
filled with concrete. After the concrete had  set sufficiently, the 
enclosed area  was  excavated and also filled with concrete. 

The foundation  for the chimney  was 28 feet  square  and 30 feet 
deep. Great difficulty  was  experienced in keeping  the  timber  in 
position during  the excavation of so large a shaft in  such very 

difficult ground. It 
was accomplished  by 
driving  two  settings 
of runners, one out- 

yLL side the other, com- 
pletely  through the 
sludge, with stretchers 
and  walings  very close 
together of pitch-pine, 
12 inches  square, with 
cross stretchers of the 
same size dividing  the 
shaft  into  four bays. 
An idea of the amount 
of timber used in  this 

Fiqs. 10. 

S E C T I O N   O N   U N E  L A .  part of the work  may 

HALF PLAN 

0 

L 

be formed  from the 
fact that 2,300 cubic 
feet  were left  in,  as it 
was  found impossible 
to remove it without 
cutting it out  and 
endangering  the lives 
of the workmen. 

Scale, 1 inch = 24 feet. The foundation of 
FO~DATION OF THE MARINE TOWER. the marine tower, 

which is 170 feet high, 
was  brought  up from the slope  of the canal  bank, Figs. 2 
and 10. The  top of the foundation is 44 feet  square; 12-inch 
piles, 30 feet  to 40 feet  long,  were  driven with ordinary  plug shoes 
weighing 38 lbs. each, 7 feet  from centre  to centre, all over. 
The  front consisted of a  row of 12-inch  sheet  piling, and  the sides 
of 6-inch sheet  piling; 12-inch by 6-inch walings  were  bolted on 
and the outside  piles  were cut off just below  water-level, the whole 
being filled in  with 8 to 1 concrete and  lumps of stone, and  the 
concrete  being packed round the piles and spread  by  a diver. For 
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this work the concrete  was allowed to partially  set,  and  was  then 
deposited in a  semi-plastic  condition by  the diver. On reaching 
water-level the holding-down  bolts for the  tower  were  fixed; 
they were  sixteen in  number, 10 feet  long  and 14 inch diameter. 
The outside  brickwork,  consisting of blue  bricks  set in  cement, 
and  the  top concrete  were then  brought up concurrently  and 
finished off with a 4-foot by 2-foot granite coping. 

It is estimated that  the  weight on the  foundation of the  grain 
elevator  is as follows :- 

Concrete,  brickwork  and masonry 27,750 
Superstructure and  machinery . . . . . . . . .  15,000 
Grain . . . . . . . . . . . . . . . . .  40,000 

82,750 

Tom. 
. . . . . . . .  

- 

The area of concrete at  the foundation is 25,226  square  feet. 
The pressure per square foot on  the foundation is 3.28 tons. 

No less than 45,000 cubic  feet of timber  were used in  carrying 
out  the work, of which 27,000 cubic  feet  were removed on com- 
pletion.  About six  hundred  men  were employed and  they were 
divided  into  night  and  day gangs. The  total cost of the work 
amounted  to $22,000 and occupied 19 weeks, of which  time 15 days 
and 8 nights  were  lost  owing  to bad weather. 

The grain-elevator  was  constructed  by the Manchester  Ship- 
Canal  Warehousing Company, Limited. The engineer for the 
works, by whom the foundations  were  designed  and  under 
whose superintendence  they  were  carried out, was Mr. W. H. 
Hunter, M. Inst. C.E., the chief engineer  to  the  Mamhester  Ship- 
Canal Company, the  resident  engineer  being Mr. P. T. Gask, 
Assoc. M. Inst. C.E. The contractor for the foundation  was 
Mr. James  Nuttall, of Manchester  (for whom the  Author  acted  as 
engineer). 

The  Paper is accompanied by  four  drawings, from which the 
Figures in the  text  have been prepared, and  by photographs of 
the works in progress. 
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